The development of heat protection and management of phenophases of fruit trees belong to the field of agriculture, specifically to the heat protection of agricultural plants from low temperatures and frosts. A method for heat protection of plants and a device for its implementation are known, in which, via circulation of atmospheric air through the lower layers of the soil, heat is accumulated by means of hollow thermopiles, located radially in relation to the plant in the form of a horizontal underground tunnel with two vertical wells at its ends. The thermopile has the operated slide gates. Since there is a lack of means of heat protection of plants, there are usually no implemented devices for such protection in climatic zones with low negative air temperature, for instance in the zone of risky agriculture. Due to the high capacity of the thermopile, the temperature of the soil may greatly decrease even during the spring-autumn period of plant life, which can lead to the illness and death of plants. In addition, the device requires high costs for its implementation because it is necessary to lay an underground tunnel on a horizontal extended section of the soil (length 3 m, or higher) and its operation and regulation are demanding.
The development of heat protection and management of phenophases of fruit trees belong to the field of agriculture, specifically to the heat protection of agricultural plants from low temperatures and frosts. A method for heat protection of plants and a device for its implementation are known, in which, via circulation of atmospheric air through the lower layers of the soil, heat is accumulated by means of hollow thermopiles, located radially in relation to the plant in the form of a horizontal underground tunnel with two vertical wells at its ends. The thermopile has the operated slide gates. Since there is a lack of means of heat protection of plants, there are usually no implemented devices for such protection in climatic zones with low negative air temperature, for instance in the zone of risky agriculture. Due to the high capacity of the thermopile, the temperature of the soil may greatly decrease even during the spring-autumn period of plant life, which can lead to the illness and death of plants. In addition, the device requires high costs for its implementation because it is necessary to lay an underground tunnel on a horizontal extended section of the soil (length 3 m, or higher) and its operation and regulation are demanding.
The scientific basis of agricultural fruit farming is aimed at the creation of measures to manage the development of plants in order to obtain annual high yields, increasing of vitality and longevity of plants, where the phenophase control processes acquire special attention. With skilful use of external conditions and good knowledge of physiological plant conditions, the gardener can lengthen or shorten various phenophases; for example, he is able to delay the beginning of blossoming, to modify the growth rates, to reduce or increase the vegetation of separate bodies.
Therefore, an industrial gardening utilizes smoke, artificial sprinkling, heating with oil burners, whitewashing and abundant watering as protection from spring frosts. However, these tools delay blooming of flowers for 4-5 days at best, which is insufficient when attempting to protect plants from frosts in the zone of risky agriculture, for example, in foothill areas (Tsvetkov, 2010; Volkova, 1989) .
In addition to this, the measures listed above require high expenses for their implementation, are difficult to manage and are quite ineffective (Novichenkova, 2015; Hessayon, 2009; Brozman and Bajla, 2012; Dunca et al., 2009) .
The purpose of this development is to provide stable annual harvests in the zone of risky agriculture with delaying of blossoming beginning for the entire period of late fall, winter and early spring and the intensification of heat and mass transfer processes in heat pipes (Polyaev and Genbach, 1991a; Polyaev and Genbach, 1991b; Polyaev and Genbach, 1992a; Polyaev and Genbach, 1992b; Polyaev and Genbach, 1993; Genbach and Genbach, 2002; 2011; Genbach and Baibekova, 2012; Genbach and Olzhabaeva, 2013) .
The technical solution representing the new way of heat protection and management of phenophases of fruit-trees for blossoming delaying is made by application of energy divider of a new design, including the transformer of heat from the underground by means of the heat coolant.
Heat protection method
The investigated method differs from the known heat protection method -it redistributes, stabilizes and maintains the temperature in the soil occupied by the root system from 0 °C to -10 °C by transferring the deep heat of soil to its surface and the cold from the soil surface to its depths by Acta Technologica Agriculturae 1 Nitra, Slovaca Universitas Agriculturae Nitriae, 2018, pp. 8-13 EnErgy DiviDEr with insErt for hEat ProtEction of fruit trEEs , and, depending on the climatic conditions determining the temperature of the ground surface, the concentration of the solution is appropriately determined so its freezing temperature would be lower than the temperature of the soil during the coldest period of winter.
In other words, the coolant solution condition can be unsaturated to supersaturated, thereby determining the temperature regime of the pipe operation.
To intensify the processes of heat and mass transfer inside the housing [1], the divider [2] with holes [3] located at its ends is installed; the process of intensification is facilitated by its coaxial arrangement with the heat pipe with the formation of the intertubular space (Polyaev and Genbach, 1992b) .
It is advisable to use potassium salt brine as coolant solution, since it is not dangerous to the tree root system in case of partial leakage due to depressurisation or corrosion of the heat pipe walls.
The ring energy divider is made in the form of the heat pipe as a closed, evaporative and condensation circuit (Genbach and Olzhabaeva, 2013) . Together with the capillary-porous structure for transport of the coolant, the ring channel working on the principle of thermopile is used. Gravitational forces facilitate the movement of the coolant into the evaporation zone on the basis of the thermosyphon principle, and the return of the condensate takes place in the ring channel. To intensify the return of the condensate (hot brine), the capillary forces of the porous material can be used, for instance, a set of metal mesh forming a mesh porous structure, which is located in the ring channel. In this case, the boiling regime is efficient. Unlike the energy divider studied by Genbach and Baibekova (2012) , this device does not have a gas flow; therefore, the heat and mass transfer is carried out by a single-phase coolant or boiling.
The areas of application and heat characteristics of the ring energy circulating in it from poorly saturated to a supersaturated solution state as a function of climatic conditions, or by vaporisation in а radial gap containing a porous body.
The difference in the device allowing the new method to be performed is that the end part of the evaporator, equipped with the blunt tip, includes a separator placed coaxially with the heat pipe, with the ring intertubular space with holes at its ends and forming hot and cold flows of the coolant solution, for example, a brine of potassium salt (Fig. 1 ).
The energy divider is made in the form of a heat pipe as closed evaporative and condensation circuit (Polyaev and Genbach, 1991a; Polyaev and Genbach, 1991b; Polyaev and Genbach, 1992a) . Instead of a wick used in the classic heat pipe, the ring channel is used for transporting of coolant, operating on the principle of a thermopile. Gravitational forces facilitate the movement of the coolant into the evaporation zone on the thermosyphon principle, and the return of the condensate takes place in the ring channel. It is possible to organise it in the mode of boiling (Polyaev and Genbach, 1992b; Polyaev and Genbach, 1993; Genbach and Genbach, 2002; Genbach and Genbach, 2011; Genbach and Baibekova, 2012; Genbach and Olzhabaeva, 2013) . Unlike the energy divider investigated by Genbach and Baibekova (2012) , this device does not have a gas flow, and heat and mass transfer is carried out by a single-phase coolant, or in a boiling mode by the installation of a porous body in the ring channel (Genbach and Olzhabaeva, 2013) .
Heat protection device
The device for heat protection of fruit trees ( Fig. 1 1 -housing of the energy divider; 2 -divider; 3 -holes; 4 -tip; 5 -ribs; 6 -cap cover; 7 -evaporator; 8 -condenser; 9, 10 -zone of heat supply; 11 -zone of heat removal; 12 -coolant; 13 -brine; 14 -stem; 15 -root system a) b) Alexander Genbach et al.
divider are related to the decision of the food programme in the agro-industrial complex and are presented in a variety of papers (Polyaev and Genbach, 1991b; Polyaev and Genbach, 1992a; Polyaev and Genbach, 1993; Genbach and Genbach, 2002; Genbach and Olzhabaeva, 2013) .
Method for studying the energy dividerTheory (model)
For calculation of hydrodynamic characteristics of a capillary and porous energy divider, the value of operating liquid pressure in the system and permeability coefficient of the wick must be defined. Polyaev and Genbach (1993) describe the processes of hydrodynamics and heat transfer in similar systems. For the wick element, the differential equation of momentum transfer is obtained in the form:
(1)
The dependence of the specific mass flow on the coordinate Y has the form: 
What is more, the coefficient β does not depend on y. After integrating eq. (3), we see that the first term, taking into account the contribution of inertial forces to the pressure balance, is considerably smaller than the terms of the right side of the equation and can be omitted. Then, we will get: (4) where:
-is operating pressure (hydrostatic and capillary)
Experimental studies of hydrodynamics and heat transfer in energy divider
The conditional permeability coefficient was calculated using the formula:
As a result of generalisation of the experimental data obtained in installation (Fig. 2) , the following empirical dependence was obtained: However, we have shown experimentally (Polyaev and Genbach, 1991a ) that, accounting only for the hydrodynamic possibilities of heat transfer in the derivation of eq. (4), when feeding, a certain excess of liquid into the system is possible. It is then possible to divert two times larger and higher specific heat fluxes in the system than in heat pipes (Polyaev and Genbach, 1993) . 
This is due to the fact that in the capillary porous cooling system, the quantity DP g + cap provides the liquid flow rate in the size G L > G V . Unlike the heat pipes, the supply of the increased liquid flow in the energy separation system is not limited by the capillary pressure limit value, which makes it possible to eliminate the hydrodynamic crisis in the transfer of liquid in the energy separation system. Thus, the value of operating pressure in the capillary porous energy divider is calculated from the known value of heat load, structure and geometry of the wick.
Study results discussion and analysis
Since the investigated capillary porous device is designed to cool and heat the soil, the system is considered to increase the heat fluxes to be diverted, where, along with capillary forces, as in heat pipes, mass forces an action by means of which it is possible to create necessary excess of liquid in a transverse section of the capillary porous structure (Polyaev and Genbach, 1993; Genbach and Genbach, 2002; Genbach and Genbach, 2011) . let us consider the effect of mass forces and the increased flow rate of liquid on heat transfer. The cooling of the annular vertical heating surface made of stainless steel was carried out at the minimum possible liquid flow rate G min , at which the minimum wall temperature is established, to a liquid flow rate of about 7.5 · G min . The experimental results are shown in Fig. 4 . For liquid flow rates equal to (1.5÷2.5) · G min , a slight decrease of an average heat transfer coefficient is observed for almost all capillary porous structures and specific heat fluxes. At further increase in the flow rate of the cooling liquid from 2.5 · G min to 7 · G min , a slow increase in the heat transfer coefficient is noticeable.
For easier carrying out of the experiment, the heat exchange processes in the ring energy divider were simulated. Water was studied as a heat coolant, and the heat flow was supplied by electric current. Therefore, the level of heat fluxes for comparative evaluation was brought to the values that occur in heat pipes   table 1 The mesh dimensions, structures and their symbols no Mesh size (10 -3 m) Porous structure consisting of the number of mesh layers×mesh size symbols 1 0.14 1 · 0.14 ¤ 2 0.14 3 · 0.14 r 3 0.28 1 · 0.284 0.28 3 · 0.28 £ 5 0.08; 0.14; 0.14 0.08 · 0.14 · 0.14 (3 layers from different mesh size) "+" 14; 2 − r structure 3 · 0.14; 3 − ¯ mesh 0.28; 4 − £ structure 3 · 0.28; 5 -«+» structure 0.08 · 0.14 · 0.14; 6 − structure 0.08 · 0.28 · 0.28 and thin-film evaporators (Figs 3, 4) . In the studied capillary porous cooling system, thanks to the mesh structure, a stable and reliable heat removal is provided with minimal flow rate of cooling liquid. The explanation of mesh dimensions and structures and their symbols as indicated in Fig. 4 are given in Table 1 . For example, the mesh 0.14 presents the size of the mesh pore (0.14 · 10 -3 m), and the structure 3 · 0.14 presents 3 layers of mesh with pore size 0.14 · 10 -3 m. To remove the specific heat fluxes, which are of the order of 2 · 10 5 W•m -2 (Figs 3, 4) , an increase in liquid flow in thin-film systems by more than a hundred times does not allow creating a hydraulically stable liquid film.
In heat pipes for cooling of a surface, it is sufficient to supply liquids in the amount of: The liquid supply in a size determined by eq. (7) is provided by capillary forces acting in the wick. The efficiency of the wick depends on its structural and hydrodynamic properties and is defined by the size of brought power and the evaporation section of the pipe. In the investigated capillary porous cooling system, in order to force the heat exchange process and create an additional mass force, it is necessary to maintain the rate of flow equal to:
Further increase in the flow rate is not expedient as it leads to an increase , average temperature has changed from 100 °С to 140 °С, and for a given q, the minimum value of t corresponds to the structure of the smallest thickness.
Therefore, a slight excess of liquid in the system allows solving several problems: а) Diverting of large specific heat fluxes in comparison to heat pipes. Apparently, this is achieved due to a more intensive evacuation of steam bubbles from the heating zone by excess liquid transported by mass forces. b) Unlike thin-film evaporators, the capillary porous structure forms regular centres of nucleation, and the field of capillary forces ensures a steady flow of liquid along the pores and capillaries near the heated surface, which creates a hydrodynamically stable thin layer of liquid. At the same time, the zone for withdrawing specific heat fluxes extends, and the flow rate of the cooling liquid is reduced by more than an order of magnitude. c) The use of very simple mesh structures of low thickness with rather large cell sizes, which will expand the borders of the crisis phenomena when the liquid boils in the capillary porous structure and will impose lower requirements for the quality of the cooling liquid. At the same time, there is no risk that the liquid will not overcome the hydraulic resistance of structure as it takes place in heat pipes.
Use of a ring energy divider in industrial fruit growing
We will propose the ring energy divider for heat protection of fruit trees. It is based on studies of the processes of heat and mass transfer in closed evaporative-condensation systems, taking into account the intensification of heat transfer processes (Polyaev and Genbach, 1991a; Polyaev and Genbach, 1991b; Polyaev and Genbach, 1992a; Polyaev and Genbach, 1992b; Polyaev and Genbach, 1993; Genbach and Genbach, 2002; Genbach and Genbach, 2011; Genbach and Baibekova, 2012; Genbach and Olzhabaeva, 2013) . We consider the issue of freezing the soil similar to the case of a semi-infinite solid body. The temperature distribution is obtained by integrating the equation of the non-stationary Fourier-kirchhoff thermal conduction (lykov, 1967) : (8) where: t s -soil surface temperature; temperature t s is equal to -10 °C for three months
The operating time of a divider is τ = 3 · 30 · 24 = 2,160 hours.
The temperature in the soil occupied by the root system t 0 at the maximum depth X of the location of the main mass of roots is t 0 = -1 °C, since at this temperature, the freezing of the roots of apple trees is excluded.
The initial temperature of the soil surface before the onset of frost is t = 3 °C.
The error integral is (-β 2 )dβ. Then, erf (z) = -10 -(1) = 0.692.
From the Table III of the paper by Danko (1986) , we define z = 0.73.
The value of z is equal to where: а -the coefficient of thermal diffusivity of soil, а = 1.1 · 10 -3 m 2
•h -1 . The depth of cooling of soil will be defined as: (9) Thus, at the maximum depth of the main root mass x = 2.2 m, the soil temperature will be equal t 0 = -1 °C. Specific heat flux passing through the soil surface: (10) where:
For the heat pipe operating on a coolant solution, thermodynamics is described by the following equation (a driving temperature pressure), including the case when the capillary porous structure will function a ring fluid distributor: -7 -(-5) ] + [-5 -(-1)] = -3 -2 -4 = -9 °C where: t L1 , t L2 -temperatures of cold and hot brine Accepted temperature differences Dt are typical for the operation of heat pipes, i.e. devices with a capillary porous structure.
Taking the tree diameter d = 6 m, we determine the surface of the soil needed for cooling: . If the length of evaporator is l = 1.8 m, then the pipe diameter d = 1.43 · 3.14 -1 · 1.8 = 0.25 m. The total length of the tube is l hp = l + l k = 1.8 + 1.2 = 3 m, where l k is the condenser length.
Thus, a heat pipe (thermopile or thermosyphon) of 0.25 m in diameter and 3 m in length will provide soil cooling to -1°C at the depth of 2.2 m with a tree crown diameter of 6 m.
The calculation showed that one heat pipe is sufficient for the execution device proposal. However, depending on climatic conditions and the age of a tree, devices can be installed at several points, usually concentrated to the southern, south-western and south-eastern sides of the tree crown. The method does not require large expenditures for the construction of expensive excavation work, metal for the manufacture of a long coil enclosed in a cylindrical shell covering the trunk of the plant, and necessarily exposed to atmospheric air; it also prevents the root system close to the surface of the soil from freezing, especially in cold winters.
Prospects of use
The economic effect of implementation of the investigated way of heat protection and control of phenophases of fruit trees will be determined in order to increase the annual harvest by about 30% from one tree or about 100 kg for an apple tree, as even under favourable spring conditions in a zone of risky farming, the blossoming and fertilisation of flowers occur predominantly on the north side of a crown, which is merely 50% of the tree crown.
The economic effect on one fruit tree to meet the needs of the population on the basis of the method is E = (n -E n k) = 50 -0.15 · 10 = $48.5 per tree, where n is the gain from the sale of new products, n = n 2 -n 1 = 0.5 · (300 -200) = $50 per tree. Here the minimum price of 1 kg of apples is equal to $0.5. let us consider 200 kg as an average yield of apples per tree before the implementation of the invention, k − specific additional capital investments associated with increased yields; K = $10 per tree, E n − normative efficiency factor, E n = 0.15.
Thus, the economic impact of implementation of the proposed invention on one tree per year will be $48.5. It should be noted that there are more than 10 million apple trees in kazakhstan, including more than 3 million trees meeting international standards, about 80% of which is in the Almaty region, located in the zone of risky farming, where the high-quality fruits are yielded.
In general, the proposed method of heat protection and control of fruit trees phenophases for delaying of blossoming beginning and the device for its implementation allow the control of phenophases in the zone of risky farming, ensuring stable annual yields to meet the population's food needs.
Conclusions
The method of heat protection and control of phenophases of fruit trees in the zone of risky agriculture was developed and the device in the form of the ring energy divider working on the principle of the heat pipe (thermosyphon) or as the thermopile was constructed. Due to transformation of heat from soil sub-layers, the coolant circulating in the natural way redistributes, stabilises and maintains the temperature in the volume of the soil from 0 °C to -1 °C. The capillary porous body enables the efficient circulation of the coolant thanks to the combined action of capillary and mass forces. In order to determine the operating pressure, temperature profile and the coolant flow rate, the mathematical and physical model was created and an experiment was conducted. The optimal fluid flow rate and type of a porous structure are defined. The economic impact on one fruit tree is approximately $50, and it is not less than 500 million dollars per year for a fruit zone of the Republic of kazakhstan. Field studies should be extended to other soil and climatic conditions, for various high-rise fruit zones, orientation of slopes, for different breeds and grades of fruit trees.
